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Intel Parallel Studio XE: An Introduction




Intel® Parallel Studio XE (Linux, Window, MacOS)

Intel® Inspector Intel® Advisor
Memory & Threading Checking Threading & Vectorization Architecture
Intel® VTune™ Amplifier Intel® Trace Analyzer & Collector
Performance Profiler MPI Profiler

Intel® MPI Library

Intel® Data Analytics Acceleration Library
Optimized for Data Analytics & Machine Learning
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Intel® Threading Building Blocks

Task Based Parallel C++ Template Library

Intel® C/C++ & Fortran Compilers




Optimizing Workload Performance - It’s an iterative process...
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Intel Parallel Studio XE: A complete tool suit for code and HW performance
characterization
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VVTune: System Configuration- Prerequisites for HW EBS event based collections

» VTune on KNL works with SEP driver (recommended) + PIN or upon perf

* Related to: Advanced Hotspots, Memory Access, General Exploration, HPC Performance Characterization,
custom event analysis

> Perf-based collection limitations:

e Memory Access analysis is not enabled with perf

* To collect General Exploration increase default limit of opened file descriptors:

In /etc/security/limits.conf increase default number to 100 * <number_of logic_CPU_cores>:
<user> hard nofile <100 * number_of logic CPU _cores>
<user> soft nofile <100 * number_of logic CPU cores>

* To enabled system wide collections, uncore event collections set:

> echo 0 > /proc/sys/kernel/perf_event_paranoid
» Default sampling interval on KNL is 10ms

> EMON driver for counter mode
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VTune Amplifier XE: Performance Analyzer




Overview: Explore Performance on Intel® Xeon and Xeon Phi™ Processor

» Use VTune Amplifier XE 2017 U1 (2017 U2 will be available in WW12) .
» Memory Access - BW traffic and memory accesses
= Memory hierarchy and high BW usage (MCDRAM Vs DDR4) L
» General Exploration - Micro-architectural issues
= Explore how efficiently your code passing through the core pipeline
» Advanced Hotspots - Algorithmic tuning opportunities
» HPC Performance Characterization
= Scalability aspects for OpenMP and hybrid MPI+OpenMP apps N e e

= CPU utilization: Serial vs Parallel time, imbalance, parallel runtime overhead | etapsed Time ©: 8.454s
cost, parallel loop parameters GFLOPS Upper Bound ™ 10.333

() CPU Utilization ”: 86.5% &

= Memory access efficiency

() Memory Bound

= FPU utilization (upper bound), FLOPS (upper bound), basic loop vectorization 12 s st ® oaeen
MCDRAM Flat Bandwidth Bound : 0.0%

info O it imma i

(v) FPU Utilization Upper Bound ": 0.1% [«
%) GFLOPS Upper Bound ’: 10.333
() Top 5 hotspot loops (functions) by FPU usage
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Analysis Configuration - How to Run VTune CLI on MPI Applications

<mpi_launcher> - n N <vtune_command_line> ./app_to_run

srun —n 48 -N 16 amplxe-cl —collect advanced-hotspots —trace-mpi —r result_dir A
my_mpi_app
mpirun —n 48 -ppn 16 amplxe-cl —collect advanced-hotspots —r result_dir
Jmy_mpi_app
== Add -trace-mpi option for VTune CLI to enable per-node result directories for non-Intel
MPIs

» Works for software and Intel driver-based collectors

e Superposition of application to launch and VTune command line for selective ranks to
reduce trace size

Example: profile rank 1 from 0-15:

mpirun -n 1 <vtune_command_line> .my_app : -n 14 ./my_app




Analysis Configuration - MPI Profiling Command Line Generation from GUI

P Choose Target and Analysis Type

Create a VTune project O noye T

=/ [& Accessible Targets

n  Intel(R) Processor code named Knights Landing

@ local " : el

C h Oose “Arb itra ry Ta rg etS/Loca I ” z::i:);e::l;;(ssm Specify and configure your anatith i .

coprocgssor (native
@ Int}:l Xeon Phi coprocgsor (host L details.

= [ Arbif{iry Targets & Thig target system type is used to produce a command line analysis configuration for the
S et ro Ce SS O r a rC h a n d O S @M selected microarchitecture. You cannot start this analysis from the host. To collect data on
@ Intel Xeon Phi coprocessor (native the remote system with no connection to the host, copy the generated command line and

run it directly on the remote system.
@ Intel Xeon Phi coprocessor (host L

Set application name and parameters

Application paramet rs:

C h e Ck 13 U Se M P I La u n Ch e r” ]  Use application directory as working directory

A Bl Bed 114 B

.| Working directory:

Use MPI launcher \
Select MPI launcher:

O Intel MPI

Provide the launcher name, number of ranksJ
ranks to profile, set result directory

(=) Other: |srun

Number of ranks: |16
Profile ranks:
O AL

(¢ Selective: (3,7,11-13

esult location: [my_result_d\rl

i@. 11




Analysis Configuration - MPI Profiling Command Line Generation from GUI

i Eez| P B ®S| @ [ weome | New Ampiit... x

% Choose Target and Analysis Type INTEL VTUNE AMPLIFIER XE
© Analysis Target| [FxUFTEIIER (P9
. B v A Memory Access Copy >
6. Choose analvsis tvpe 5 Algorth A M e o metics o ety memorysccss elte s for ecample, pecic forNUMA

- A Basic Hotspots architectures). This analysis type is based on the hardware event-based sampling collection. Leam more (F1)
A Advanced Hotspots
A C A\ This target system type is used to produce a command line analysis configuration for the selected

oncurrency microarchitecture. You cannot start this analysis from the host. To collect data on the remate system with
. A Locks and Waits no connection to the host, copy the generated command line and run it directly on the remote system.
e n e ra e CO r T ] ' r l a n | n e A HPC Performance Characterization < Choase Target

- {7 Microarchitecture Analysis L !
A General
A Memory Access
A TSX Exploration Minimal memory object size to track, in bytes: 1024 <

A TSX Hotspots

A SGXH Evaluate max DRAM bandwidth
. otspots

{7 Platform Analysis @ Details
A CPU/GPU Concurrency
A GPU Hotspots N Events configured for CPU: Intel(R) microarchitecture code named Broadwell
A Disk Input and Output :

NOTE: For analysis purposes, Intel VTune Amplifier XE 2017 may adjust the Sample After values in the
table below by a multiplier. The multiplier depends on the value of the Duration time estimate option
specified in the target configuration window.

& Custom Analysis

Event Name Sample After ~
CPU_CLK_UNHALTED.REF_TSC 2000000 Reference cycles
CPU_CLK_UNHALTED. THREAD 2000000 Core cycles when
CYCLE_ACTIVITY.STALLS _L1D_MISS 2000003 Execution stalls w
CYCLE_ACTIVITY.STALLS L2_MISS 2000003 Execution stalls w
C dline: CYCLE_ACTIVITY.STALLS_MEM_ANY 2000003 Execution stalls
GO U= CYCLE_ACTIVITY.STALLS_TOTAL 2000003 Total execution s!
- - - IDQ_LIOPS_NOT_DELIVERED.CORE 2000003 Uops not delivere
srun -n 3 my_mpi_app : -n 1 amplxe-cl -collect memory-access -knob analyze-mem-objects=true -result 1DQ_UOPS_NOT_DELIVERED.CYCLES_0_UOPS_DELIY.CORE 2000003 Cycles per threac
my_result_dir -trace-mpi -- my_mpi_app : -n 3 my_mpi_app : -n 1 amplxe-cl -collect memory-access -knob INST_RETIRED.ANY 2000000 Instructions retire
analyze-mem-objects=true -result my_result_dir -trace-mpi -- my_mpi_app : -n 3 my_mpi_app : -n 3 < 7nnnnne mmbes o
amplxe-cl -collect memory-access -knob analyze-mem-objects=true -result my_result_dir -trace-mpi --
my_mpi_app : -n 2 my_mpi_app

4

13 Command Line...

Copy Close

[[]Use -collect-with action

Hide knobs with default values




Analysis workflow

Result finalization and viewing on KNL target might be slow
Use the recommended workflow:

1. Run collection on KNL deferring finalization to host:
amplxe-cl —collect memory-access —no-auto-finalize —r <my_result_dir> ./my_app
2. Finalize the result on the host
* Provide search directories to the binaries of interest for resolving with —search-dir option
amplxe-cl —finalize —r <my_result_dir> —search-dir <my_binary_dir>

3. Generate reports, work with GUI

amplxe-cl —report hotspots —r <my_result_dir>




intel)

VTune Amplifier XE: Performance Analyzer —
Memory Access




BT Class D with 4 MPI ranks and 16 OMP threads/rank: memory bandwidth ~100 GB/s
with DDR4 (left) and ~280 GB/s with MCDRAM (right)

Intel VTune Amplifier XE 2

# Memory Access M

2 (ollection Log | And

o Bottom-up, | B Platform

CPUTime
LLC Miss Count *: 13,550,406,500
Total Thread Count; 64
Paused Time 0s

v) Bandwidth Utiization Histogram
This histogram displays a percentage of the wall fime the bandwidth was uiized by certain value. Use sliders atthe bottom of the histogram to define thresholds for Low, Medium and High uiizafion levels. You can use these
bandmdthuhhzanonr/pesmﬂweBonomupwew group data and see al ted uliizafion type. To learn bandwidth capabtes, rfer to your system specifications or run appropriate benchmarks
FemeiCecker can provide maximum achievable DRAM and QP! bandwidth,

Bandwidth Dolgin: ~ DRAM, GBlsec

054

s+

- ~100GB/s—,
s with DDR4

160+

Elapsed Time

100

505+

Bandwith Uslization

) Elapsed Tjffe - 219.654s

Intel VTune Amplifier XE 2

CPU Time 13579.278s

LLC Miss Count™: 19,750,592,500
Total Thread Count: 65
Paused Time 0s

Bandwidth Utilization Histogram

This histogram displays a percentage of the wall fime the bandwidth was utiized by certain value. Use sliders at the botiom of the histogram to define thresholds for Low, Medium and High ufilzation levels. You can use these
bandwidth utiization types in the Botlom up view to group data and see all functions executed during a particular utiizafion type. To leam bandwidth capabilties, refer to your system specifications o run appropriate benchmarks
tomeasure them; for gxam mteagy Checker can provide maximum achievable DRAM and QPI bandwidth.
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BT Class D with 4 MPI ranks and 16 OMP threads/rank: hotspots from run on DDR4 (left)
Versus on MCDRAM (right)

# Memory Access - Hotspots viewpoint (change) @ % Memory Access Hotspots viewpoint (change) @

Asignificant portion of CPU time is spent waiting. Use this metric to discover which synchronlzatlons are splnnlng Consider adjusting spin wait paramete
lock implementation (for example, by backing off then or adjusting the

7 hardware related metrics o |dent|fy whatis causmg high CPI.
Overhead Time ~: 38.890s
q Y . .
Instructions Retired 9,704,520,000,000 CPU Frequency Ralio 107
CPI Rate®- 364 Total Thread Count: 65
The CPI may be too high. This could be caused by issues such as memory stalls, instruction starvation, branch misprediction or long latency i ions. E Paused Time *: 0s
hardware-related metrics to identify what is causing high CPI
CPU Frequency Ratio 105 - L P
Total Thread Count: 6 v) Top OpenMP Processes by MPI Communication Spin Time
Paused Time 0s This section lists processes sorted by MPI Communication Spin time. The lower MPI Communication Spin time, the more a process was on a critical path of MPI ap
processes laying on the critical path
© Top OpenMP Processes by MPI Communication Spin Time Process PID MPI Communication Spinning (%) OpenMP Potential Gain (%) Serial Time (%)
This section lsts p s sorted by MPI C ication Spin time. The lower MPI Communication Spin time, the more a process was on a critical path of MPI af bt-mz.D 4 (rank 3) 15315 0.100s  0.0% 19.780s  9.0% 41385 1.9%
processes aying onthe rcal path bimzDA (rank2) 15314 2% 65% 31265 165% 180435 82%
Process PID  MPI Communication Spinning” (%)  OpenMP Potential Gain“ (%) Serial Time (%) bt-mz.D4 (rank 1) 15313 285665 13.0% 18.336s  8.4% 33.747s  154%
btmzD4 (rank3) 21451 0.100s  0.0% 27.256s  7.0% 3917 1.0% btmz.D4 (rank 0) 15312 31.372s 14.3% 12209 5.6% 36.424s 16.6%
btmz.D.4 (rank 2) 21450 19285 3.1% 53.647s 13.8% 15.657s  4.0%
bt-mz.D4 (rank 1) 21449 15.035s  3.9% 20.660s  5.3% 19.7255  5.1%
bt-mz.D4 (rank 0) 21448 453055 11.7% 15.009s  3.9% 50.299s 13.0% <) TOP HOtSpOtS
This section lists the most active functions in your application. Optimizing these hotspot functions typically results in improving overall application performance.
) Top Hotspots Function Modue CPU Time
This section lists the most active functions in yourapplication. Optimizifig:hese hotspot functions typically results in improving overall application performance. b . b o 2532650 .
inverhs -mz 6525
Funclion Mogfle  CPUTime kmp wait template<kmp flag 64> libiomg5.50  2024.378s
y solve SompSparallel@43 -mzD4  4626.791s matmul sub btrizD4 18365445
X solve SompSparallel@46 tmzD4 45945175 solve SompSparallll@43 bihzD4 1640691
z solve SompSparallel@43 tmzD4 44497825 e SompSoaralelds bt ‘D4 1620v946
pSparallel@ sud )
binverhs tmzD4 23744875 B \ s

kmp wait template<kmp flag 64> libiomp5.50  2165.303s

*N/A s applied to non-summable metrics.




NPB-MZ Class D run time (sec) comparison on DDR4 Vs. MCDRAM with various MPI
ranks X OMP threads > MCDRAM speed up as high as 2.5 X

Performance: DDR4 Vs MCDRAM

3000

2500
2000
. = SP-MZ
Run Time (sec) 450
=BT-MZ
1000 LU-MZ
0

2x32 2x32Numa 4x16 4x16 Numa 8x8 Numa 16x4  16x4 Numa




Allocate HBW memory with Intel compiler directive fastmem and compile with —-Imemkind that
can be download from http://memkind.qgithub.io/memkind/ (for C codes: int hbw_malloc (size t
size)

Intel Fortran ![jZRS ATTRZE?_TTES
compiler directive : -

v

S FASTMEM :: gb¢

*x,101)
('FASTMEM DIRECTIVE TO ALLOCATE ARRAYS')




Example of run script with VTune command line amplxe-cl

>/ KNLWORK/APPSDIR/NPB3.3.1-MZ/NPB3.3-MZ-MPI
' SAMESROOTDIR

BinDIR= :ZAMECPCCTE:F/ID’Di' ithMinusg
"BinDIR: ' $BinDI

export OMP_NUM THREADS

"VTune

SOURCE SEARCH DIR:

ob analyze-— bJj 1 tnob dram-bandwidth-limits=true \
Svtuneresultdi = SrcDIR1 \
1 —-ppn 1 $SBinDIR/bt .mz.D.4.16.mem.nonuma.vtun

numactl to allocate all
memory to 4 ) : : no ,
MCDRAM memory mactl T N VK SBinDIR/1lu—mz .mz 4.16.gen.numa.vtune.out




‘watch —n 1 numstat —-m” shows NUMA nodes with DDR4 (0-3) and MCDRAM (4-7)
showing only MCDRAM memory being allocated for LU Class D benchmark on KNL

Every 1.0s: numastat -m

MCDRAM
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BW usage on 64 threads (cores) (Animation code) - max 38 GB/s with DDR4 (left) and
240 GBs with MCDRAM (right)

| & h‘ K] W‘@ ‘Wzl(ome ‘ MemoryAc... X

IntelVTune Amplifier XE 2016

on4p| B Hfom

ottom-up, | BB platform
. Memory Bound -
Memry Bound - Ll 13
L2Miss Bound 0068 Abigh numoer ofCPU ek (2load misses o be seniced Possblecp duce dalaworking st sz, impove dt aceess
MCDRAM Flat Bandwidth Bound 00% loally,loding and datainchurksBatftntre 2 g s, Conicer using sobver rfechers bt [
DRAM Bandwidth Bound *: 00% p b
L2 Miss Count 2034061020 Large L2 cache misses s
Total Thread Count 5% i i
Passed Tine s e Large L2 cache misses
ol Thread Count
Paused Tine ls
v) Bandwidth Utilization Histogram
This histogram displays a percentage ofthe wall ime the bandwidth was utilzed by certain value. Use sliders atthe bottom of the histogram to define thresholds for Low, Medium and F ) Bandwidth Utiization Histogram
functions executed during a particular utization type. Toleam bandwidth capabilities, refer to your system specifications or run appropriate tomeasure them; for example, B . —
Bandidh Domain: | DRAM, GB/sec M T s, e i forexample, il DRAM and QPlbardiich,
ndidhDonan CORAI o G,
s Max DDR4 Max
= B
5 BW ~ BBIGB/s : MCDRAM BW
i s ~ 240 GBIs
4513 g
[
4
%
& T T T T T T T R—
bl 4 ] ) 100 0 i} 18 1t il n
0
Bandwidth Utlzation Bandidh blzaton




Top memory objects and large L2 cache misses with MCDRAM as HBM

) Top Memory Objects

This section lists the most actively used memory objects in your application.

Memory Object L2 Miss Count

Add Stress Force Differential tester.cpp:244 (732 MB ) 921,027,630
Add Stress Force Differential tester.cpp:245 (732 MB ) 534,016,020
SIMD _POLICY.h:204 (30 MB ) 106.003.180
SIMD _POLICY.h:204 (30 MB ) 89.002.670
SIMD POLICY .h:204 (30 MB ) 82,002,460




Performance of animation code with DDR4 BW (left) compared to MCDRAM BW (right)

& sottom-up Jf: LG

L H‘?’m.z‘."‘mz?‘”.39“”??‘:”“??““?‘,”?9?‘..5?‘”‘W“.,F’?‘mﬁ.".”7?‘“..5?“”??‘...‘ L in e e s B B DR B
F H ) (¥ Toal, GBjsec
DDR: 3 e 1 R G
e 3 [ i, G3..
e ¥ MCORAM FitM..
B package 0
pedaa 2GB/s —» ¥ Ak MCORAM ..
Fo—) [/ MCORAM..
g 3 [ MCORAM...
o g = VI CPU Time
4 ik €pU Time
MCDHAM 200 GB/s as cache ; f';: 220 GB/s >
3 JE)
3 Jri)
(@ package 0 5 Bpadaged
= | %
g ]
b3 E 4]
g : ) -
§ 3
25600%)
2040%]
CPU Loa Low CPU loads due to back-end bound .
] £ 1360%)
] Fpackage.d  canss
gpaf ge 0 }%3:: é 1%;33
5 780%] i
5120%] 2560%)
2560%
»
»
Goiog:

Grouping: - Function / Mesmory Object | Alocaton Stack

Memory Bound

Venory Bound funcion Memory Oject/ Aloceton Stck ouTine [2Mss Comtr |- StartAddress
Fundion / Memory Object / Allocation Stack U Time 12 Miss Countv | Start Address 12 i Bound

12 MissBound ENuber<_n256oitozd Aped I 921027630 vdo2che
Number<_m2s6»:L0ad Algned sl 0525 803024270 0ud02cBe 9Add Sves ore Diferenta etr pp2d 32 M) 021007630 0o
Nuber<_m256»:L0ad Algned a3 (D 0125 604018120 0ud033a1 Buninow) 0 0u0ncte
Nurber<_m256»:Load Algned 1033355 012 7002310 0402166 ENumber<_n2s6>idoad Aigned sl 1000 S19015570 Ouizset
ENurber<_m2S6»:operator 01405 100 63,002070 0031ce Add tres orce Difretial et cpp245 (T2N8 ) 19015570 081
Number<_m256»:L0ad Algned 02| 1000 57,001,710 01d02fbe {uninow] 0 0wzt
Nurber<_m2s6»operator+ 2475 1000 31000830 0v0321d BNunber<_n236>:load Aigred AT | 00 108003240 D0zt
Nurber<_m2S6»:operator+ 06| 100 30000300 00320 Nunber<_n2s6>:operator 0o7s| W0 810070 D3l
Era heck calbadks 3000000 031126360 BNunber<_n236>:load Aigned 0s71s| 00 6002460 Duize
trigger Joad_balance 0 16000480 OW31066230 Seeted ot B85 @

Running on DDR4: numctl —-m 0 Running on MCDRAM: numctl -m 1
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VTune Amplifier XE: Performance Analyzer —
General Exploration




‘I\/Iicro-arch analysis with General Exploration

™ General Exploration General Exploration viewpoint (change) @

B8 Collection Log| | € Analysis Target Analysis Type | [EARSTINNEGE |+ Bottom-up| | % Ey

* E pipel lots distrib by R g \
xecution pipeline slots distribution etiring, © Elapsed Time ®: 243400

. Clockticks: 1.834.214751.318

Front-End, Back-End, Bad Speculation 0308854525
CPl Rate 1.776

MUX Reliability 1.000

. . - Front-End Bound “: 6.5%

* Second level metrics for each aspect of execution (Cosh s oo

verhead .

M H BACLEARS 0.033
pipeline to understand the reason of stalls VIS Ey
ICache Line Fetch = 0017

- Bad Speculation : 0.7%

Branch Mispredict 0.7%

SMC Machine Clear 0.000

MO Machine Clear Overhead 0.000
- Back-End Bound : 63.6% &

- Memory Latency:

L1 Hit Rate 0938 &

L2 Hit Rate 0.938
L2 Hit Bound 0157 &

L2 Miss Bound ~: 0141

UTLB Overhead 0.009
SIMD Compute-to-L1 Access Ratio 0.894 &
SIMD Compute-to-L2 Access Ratio 15439 R

Contested Accesses (Intra-Tile) 0.000

Page Walk ~: 0.027

- Memory Reissues:

Split Stores 0.002

Loads Blocked by Store Forwarding 0.009

») Retiring : 29.1%

Total Thread Count: 185

Paused Time Os




Performance summary and top OMP regions for BT-MZ

™ General Exploration Hotspots viewpoint (change) @

28 Collection Log | | € Analysis Target Analysis Type *% Bottom-up | |+*% Caller/Callee| |+% Top-down Tree| BE Platform

() Elapsed Time : 43.525s

CPU Time : 2404 .587s
Effective Time ~: 1950.254s
Spin Time - 445 908s

A significant portion of CPU time is spent waiting. Use this metric to discover which synchronizations are spinning. Consider adjusting spin wait p
lock implementation (for example, by backing off then descheduling), or adjusting the synchronization granularity.

Overhead Time ~: 8.425s
Instructions Retired: 2,288,493,432,735
CPIl Rate : 1.572

The CPI may be too high. This could be caused by issues such as memory stalls, instruction starvation, branch misprediction or long latency instru
hardware-related metrics to identify what is causing high CPI.

CPU Frequency Ratio ~: 1.071
Total Thread Count: 69
Paused Time ~: Os

() Top OpenMP Processes by MPlI Communication Spin Time

This section lists processes sorted by MPI Communication Spin time. The lower MPI Communication Spin time, the more a process was on a critical path ¢
processes laying on the critical path

Process PID MPI| Communication Spinning (%) OpenMP Potential Gain (%) Serial Time (%)

bt-mz.D.4 (rank 3) 16101 0.029s 0.1% 4681s 10.8% 0913s 2.1%
bt-mz.D.4 (rank 2) 16100 3.474s 8.0% 7.089s 16.3% 4.485s 10.3%
bt-mz.D.4 (rank 1) 16099 5.875s 13.5% 3.541s  82% 7.651s 17.6%

bt-mz.D.4 (rank 0) 16098 6.680s 15.4% 2.705s 6.2% 7.815s 18.0%




Hot functions and OMP hot spots with most run time and CPU usage profile

™ General Exploration Hotspots viewpoint (change) @ Intel VTune Amplifier

28 Collection Log | | ® Analysis Target Analysis e NVWGET | = Bottom-up | |*% Caller/Callee| |+ Top-down Tree| |BE Platform

Top Hotspots 5

This section lists the most active functions in your application. Optimizing these hotspot functions typically results in improving overall application performance.

Function Module CPU Time
binverhs bt-mz.D.4 430.059s
kmp wait template<kmp flag 64> libiomp5.so 372.729s
matmul sub bt-mz.D.4 309.055s
z solve $omp$parallel@43 bt-mz.D.4 276.360s

Yy _solve $omp$parallel@43 bt-mz.D.4 275411s

*N/A is applied to non-summable metrics.

() CPU Usage Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU usage value.

g 3l =
s H E|
2o 4 E: CPU load on all 64 cores is not as high compared to that of 40 2:

: g cores = an indication of not optimal data load balancing for o
> =l this run !
1s4 :

|

|

0Os- T T T T T T T :
140 160 180 200 220 240 260

Simultaneously Utilized Logical CPUs




CPU performance statistics of different OMP regions for BT-MZ

g

(+) OpenMP Region Duration Histogram

This histogram shows the total number of region instances in your application executed with a specific duration. High number of slow instances may signal a performance bottleneck. Explore the data provided in the Bottom-up,
Top-down Tree, and Timeline panes to identify code regions with the slow duration.

OpenMP Region: :z_solve_SompSparallel: 6@unknown:43:454 v

Very small number of
instances with relatively

2000-§ large time duration
]
Q
c
15004 &
£
1000
500- \i,
0_

|
0.012 0.014 0.016 0.018

Duration Type (sec)




Summary of all HW events collected using general-exploration for BT-MZ on KNL: AVX-512
instructions are included in UOPS_RETIRED PACK.SIMD and UOPS_RETIRED _SCALAR_SIMD or ~ 60
%+ off all UOPS_RETIRED_ALL

[N I N RO IR YO GeneralExpl ...

™ General Exploration

Hardware Events viewpoint (change) ®

B8 Collection Log | | @ Analysis Target ype *% Event Count| |*% Sample Count| |*% Caller/Callee s Top-down Tree
(~) Hardware Events

Hardware Event Type Hardware Event Count Hardware Event Sample Count Events Per Sample

CPU CLK UNHALTED.REF TSC 3,358,643,037,957 1,679,319 2000003

CPU CLK UNHALTED.THREAD 3,598,587,397,873 1,799,291 2000003

CPU CLK UNHALTED.THREAD P 3,591,485,387,220 179,574 2000003

CYCLES DIV BUSYALL (0] (0] 2000003

FEITCH STALLICACHE FILLC PENDING CYCLES 95,497,432 440 47,748 200003

INST RETIRED.ANY 2,288,493,432,735 1,144 245 2000003

emory UOPS/ MACHINE CLEARS.FP ASSIST 0] (0] 200003
nsts retired MEM UOPS RETIRED.ALL LOADS 968,036,520,330 484,011 200003
MEM UOPS RETIRED.ALL STORES 465,076,976,050 232,535 200003
MEMHOPSREFREDHHTMPS © (0] 200003

MEM UOPS RETIRED.L2 HIT LOADS PS 18,024,270,360 9,012 200003

MEM UOPS RETIRED.L2 MISS LOADS PS 3,390,237,300 3,390 100007

NO ALLOC CYCLES.MISPREDICTS 31,452,471,780 15,726 200003

NO ALLOC CYCLES.NOT DELIVERED 531,339,969,980 265,666 200003

PAGE WALKS.CYCLES 9,476,142,140 4,738 200003

PAGE WALKS.I SIDE CYCLES 5,764,086,460 2,882 200003

REHABQ.LD BLOCK ST FORWARD PS 23,240,348,600 11,620 200003

REHABQ.LD SPLITS PS 78,655,179,810 39,327 200003

REHABQ. ST SPLITS 14.064.210.960 7,032 200003

UOPS RETIRED.ALL 2,368,423,552,630 118,421 2000003

UOPS RETIRED.MS 97,660,146,490 4,883 2000003

bIMD/a" UOPS |—.> UOPS RETIRED.PACKED SIMD 251,385,770,730 125,691 200003
UOPS RETIRED.SCALAR SIMD 1,217,346,259,920 608,664 200003
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IAdvanced-hotspot performance analysis- summary view

% General Exploration Hotspots viewpoint (change) @

Intel VTune Amplifier XE

& A
ection Log| | @ Anal

) Elapsed Time : 43.525s

CPU Time “: 2404 587s
Effective Time : 1950.254s
Spin Time “: 445 908s

Summary

*% Bottom-up | | *% Caller/Callee

% Top-down Tre

B8 Platform

A significant portion of CPU time is spent waiting. Use this metric to discover which synchronizations are spinning. Consider adjusting spin wait parameters, changing
the lock implementation (for example. by backing off then descheduling). or adjusting the synchronization granularity.

>) Overhead Time - 8.425s
Instructions Retired: 2288493432735
CPIRate *: 1572

The CPI may be too high. This could be caused by issues such as memory stalls, instruction starvation, branch misprediction or long latency instructions. Explore the other
hardware-related metrics to identify what is causing high CPL

CPU Frequency Ratio “: 1.071
Total Thread Count: 69
Paused Time *: Os

) Top OpenMP Processes by MPI Communication Spin Time

This section lists processes sorted by MPI Communication Spin time. The lower MPI Communication Spin time, the more a process was on a critical path of MPI application
execution. Explore OpenMP efficiency metrics by MPI processes laying on the critical path

Process PID MPI Communication Spinning (%) OpenMP Potential Gain (%) Serial Time (%)

btmz.D4 (rank3) 16101 0.029s 0.1% 4681s 108% 0913s 21%
btmz.D .4 (rank2) 16100 3474s  80% 7.089s 163% 4485s 103%
btmzD.4 (rank 1) 16099 5875s 135% 3.541s 82% 7651s 176%
btmz.D 4 (rank 0) 16098 6.680s 154% 2705s 62% 7.815s 18.0%

) Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot functions typically results in improving overall application performance.

Function Module CPU Time
binvcrhs btmz.D.4 430.059s
kmp wait template<kmp flag 64> libiomp5.so 372.729s
matmul sub btmz.D 4 309.055s
z solve $om arallel@43 btmz.D 4 276.360s
solve $om arallel@43 bt-mz.D.4 275411s




dvanced-hotspot performance analysis — bottom up view

8 General Exploration Hotspots viewpoint (change) @ Intel VTune Amplifier XE 2016

B, onLog| | @ Analysis Target A ype| | Bt Summary e C " B2 Platform

Grouping: | OpenMP Region / Module / Function / Call Stack v| [5] Qo "x

Number of
OpenMP
threads

Fun...
(Full)

Instructions
Retired

OpenMP

Potential Gain CPU Timev

OpenMP Region / Module / Function / Call Stack Elapsed Time

K z_solve_Somp$parallel:16@unknown: 54 ), 709,137,063,704 | 1
_solve_SompSparallel:16@unknown:46:446 2.100s 0Os 41.595s 16 10,494 597.066s 585,716,878,574 1.526 1.072
#y_solve_SompSparallel:16@unknown:43:442 1.840s Os 41.264s 16 10,493 592.330s 601,342,902,013 1474 1.071
[Serial - outside any region] 0s 16.057s 20.864s 200.968s 164,656,246,984 1.824 1.070
ompute_rhs_SompSparallel:16@unknown:28:439 2.448s 0Os 13.537s 16 10,496 195.930s 116,954,175,431 2.508 1.072

nitialize_SompSparallel:16@unknown:28:204 0.675s 0s 2.592s 16 2,048 40.945s  56,486,084,729 1.088 1.075
exact_rhs_SompSparallel:16@unknown:21:357 0.334s 0Os 2.072s 16 1,024 33.065s 29,484,044,226 1.676 1.070

dd_SompSparallel:16@unknown:22:33 0.265s 0s 1.314s 16 10,492 18.659s  8,812,013,218 3.200 1.082
opy_x_face_SompSparallel:16@unknown:244:253 0.244s 0Os 0.390s 16 22,528 5.955s 4,450,006,675 1.979 1.059
opy_x_face_SompSparallel:16@unknown:255:264 0.208s 0Os 0.367s 16 22,528 5.606s  3,874,005,811 2.224 1.100
opy_y_face_SompSparallel:16@unknown:204:213 0.252s 0s 0.365s 16 22,528 5.534s  3,992,005,988 2.104 1.086
[# copy_y_face_SompSparallel:16@unknown:215:224 0.214s 0s 0.342s 16 22,528 5.132s 3,588,005,382 2.178 1.090
Selected 1 row(s): 9.437s Os 48.973s 10,492 703.398s 709,137,063,704 1.484 1.071
< > (< >
CoQEGoCe s s s 2 25 305 3 s [¥][Thead [v]
OMP Worker Thread ... | [N PUSTSSS" | Wwagy """ /SUNSRY | VESCSpiouny| W roupel | F=uiuusy | Sersmy, Vesuuseey | PRssse | em—— o 5 Running
OMP Master Thread ... SN 0 ik CPU Timme
OMP Master Thread =..| (W UNISSWEN WISWISNDS U _SUSIN [SWIUSIS NN [SIUe NN WIS WO ER— dluks Spin and Ov...
AT e MPI Comn...
OMP Master Thread +.| I [N NN W SR S P S W S N [ Hardware Even...
— [OMP Worker Thread ... | SN O S T A S S (V] CPU Tirme
2 OMP Viorker Thread ... | M) WRSSSSNSUM| PREW=TerT.T) S PUSUDURS | CSUISUOU | PN | VUGS § | US| em——y | X ik CPU Time
= [OMP Worker Thread ... | B  0000000000 M S ik Spin and Ov...
A ey MPI Comm...
OMP Worker Thread ... | |HSMENSSS 1y S PSS PSS
OMP Worker Thread ... | W0 VSREUISINpS ) VRGNS FSSuginy [STOung | FSpmpy | FUUENy, Sy e pem—m—y ) p—m———.
OMP Worker Thread ... | | BSENSSSSSTSE S P S
OMP Worker Thread .... | | SRS S L P L P

CPU Time
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HPC Performance Characterization Analysis

Show important aspects of application performance in one analysis

® HPC Performance Characterization

= Entry point to assess application efficiency on system resources utilization with definition of the
next steps to investigate pathologies with significant performance cost B Collection Log | ® Analysis Target | | * Analysi

* Monitor how code changes impact important different performance aspects to better Elapsed Time ©: 7.805s
understand their impact on elapsed time

SP GFLOPS @: 14.041

Customers asking R
() CPU Utilization ”: 76.4% &
. Lvﬂlgn\?vtﬁf?mbalance with dynamic scheduling but elapsed time of my application became 5) Memory Bound %: 63.2% R

() FPU Utilization ¥: 1.3% R

= | vectorized the code but don’t have much benefit, why?

= |'m moving from pure MPI to MPI + OpenMP but the results are worse, why?

CPU utilization, memory efficiency and FPU utilization aspects are important for performance
study and correlated — let’s explore them in one view

> amplxe-cl —collect hpc-performance —data-limit=0 —r result_dir ./my_app




Performance Aspects: CPU Utilization (1/2)

® HPC Performance Characterization

CPU Utilization

= % of “Effective” CPU usage by the
application under profiling (threshold
90%)

— Under assumption that the app should use all
available logical cores on a node

— Subtracting spin/overhead time spent in MPI
and threading runtimes

Metrics in CPU utilization section
» Average CPU usage

= [ntel OpenMP scalability metrics impacting
effective CPU utilization

= CPU utilization histogram

|_Ne nlog |® An Target Analysi

Elapsed Time ©: 7.805s

* SP GFLOPS @: 14.041

™ HPC Performance Characterization HPC Performance Characterization viewp

(©) CPU Utilization”: 76.4% &

®

®

(3) CPU Utilization @: 76.4% &

(3) Memory Bound @: 63.2% K&

(3 FPU Utilization @: 1.3% K&

Average CPU Usage 18.344 Out of 24 logical CPUs

Serial Time 0.021s (0.3%)

Parallel Region Time - 7.784s (99.7%)
Estimated Ideal Time 6.413s (82.2%)
OpenMP Potential Gain : 1.371s (17.6%) ®

Top OpenMP Regions by Potential Gain
This section lists OpenMP regions with the highest potential for performance improvement. The Potential Gain metric shows the elapsed time that could be saved if the region
was optimized to have no load imbalance assuming no runtime overhead

OpenMP Region OpenMP Potential Gain (%) OpenMP Region Time

conj_agrad_$ omp $ parallel:24@/home/vtune/work/apps/NPE/NPB3.3. 1/NPB3.3-OMP/CG/cq f:517:695 13085k 16.8%% 7.526s
MAIN__§ omp$ parallel:2 4@/home/vtune/work/apps/NPEB/NPE3.3. 1/NPB3.3-OMP/CG/cq.f: 189:235 0.0465 0.6% 0.240s
MAIN__$ omp$ parallel:2 4@/home/vtune/work/apps/NPB/NPE3.3. 1/NPB3.3-OMP/CG/cq.f:365:369 0.016s 0.2% 0.017s
MAIN__ § omp$ parallel:2 4@/home/vtune/work/apps/NPB/NPE3.3. 1/NPB3.3-OMP/CG/cq.f:343:349 0.001s 0.0% 0.001s

MAIN__%omp$parallel:24@/home/vtune/work/apps/NPB/NPB3.3. 1/NPB3.3-OMP/CG/cq.f:267:273 0.000s 0.0% 0.000s
[Others] NAY NAS

*N/A & applied to non-summable metrics.

CPU Usage Histogram
This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU usage value.
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‘Performance Aspects: CPU Utilization (2/2) - Specifics for hybrid MPI + OpenMP apps

* MPI communication spinning metric for
MPICH-based MPIs (Intel MPI, CRAY
MPI, ..)

. Difference in MPI communication spinning between
ranks can signal MPI imbalance

« Showing OpenMP metrics and serial time
per process sorting by processes laying on
critical path of MPI execution

A HPC Performance Characterization (preview) HPC Performance Characterization viewpoint (change) @

B Collection Log| | @ Analysis Target| | * Analysis Type | I ] ** Bottom-up

Elapsed Time : 45.463s
GFLOPS Upper Bound : 28.950

() CPU Utilization ' 31.8% [*
Average CPU Usage : 86.546 Out of 272 logical CPUs
Top OpenMP P by MPI Ci ication Spin Time
This section lists processes sorted by MPI Communication Spin time. The lower MPI Communication Spin time, the more a process was on
a critical path of MPI application execution. Explore OpenMP efficiency metrics by MPI processes laying on the critical path

Process PID MPI Communication Spinning (%) OpentP Potential Gain© (%)~ Serial Time ' (%)

miniFEx (rank 0) 208827 3.448s 76% 0.479s 1.1% 18.717s R 413% R
miniFE x (rank 13) 208795 4871s 107% 0213s 05% 191625 422%
miniFE x (rank 33) 208813 5.092s 11.2% 0.389s 0.9% 18.935s*  417% N
miniFE x (rank 30) 208814 5132 11.3% 0221s 05% 19.189s *  423% &

miniFE x (rank 12) 208770 5.282s 116% 02525 06% 19134s R Q2% R
rs] 199.190s®  151% R A 556.063s R 423% R
*N/A is applied to non-summable metrics.

CPU Usage Histogram
This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time
adds to the |dle CPU usage value
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‘Performance Aspects: Memory Bound

& HPC Performance Characterization

B8 Collection Log| | @ lysis Target Analysi

Memory Bound

= % of potential execution pipeline slots lost because of

fetching memory from different levels of hierarchy
(threshold 20%)

Metrics in Memory Bound section
= Cache bound

= DRAM bound

— Issue description specifies if the code is bandwidth
or latency bound with proper advice of how to fix

— NUMA: % of remote accesses

— Important to explore if the code is bandwidth
bound

— Bandwidth utilization histogram

Elapsed Time ©: 7.805s

SP GFLOPS ©: 14.041

¢ (3) CPU Utilization @: 76.4% &
(3) Memory Bound ©: 63.2% &
©) Memory Bound ?: 63.2% R

Cache Bound " 36.2% % of Clockticks
DRAM Bound 28.9% & of Clockticks
NUMA: % of Remote Accesses : 13.9% 4___IN UMA ACCGS*

~) Bandwidth Utilization
Explore bandwidth utilization over time using the histogram and identify memory objects or functions with maximum contribution to the high
bandwidth utilization.

(3 FPU Utilization @: 1.3% k&

Bandwidth Domain:  DRAM.Single-Package, GB/sec ¥
() Bandwidth Utilization Histogram
This histogram displays the wall time the bandwidth was utilized by certain value. Use sliders at the bottom of the histogram to define
thresholds for Low, Medium and High utilization levels. You can use these bandwidth utilization types in the Bottom-up view to group
data and see all functions executed during a particular utilization type. To learn bandwidth capabilities, refer to your system
specifications or run appropriate benchmarks to measure them; for example, Intel Memory Latency Checker can provide maximum
achievable DRAM and QPI bandwidth.

Elapsed Time

Bandwidth Utilization




# HPC Performance Characterization HPC Performan

Performance Aspects: Memory Bound on KNL

8 Collection Log| | @

Elapsed Time ”: 101.194s

GFLOPS Upper Bound ”: 24.612

Since no memory stall measurement on KNL “Memory

Bound” high level metric replaced with Backend-Bound
with second level based on misses and bandwidth
measurement from uncore events:

= L2Hit Bound

— Cost of L1 misses served in L2
= L2 Miss Bound

— Cost of L2 misses

= DRAM Bandwidth Bound

— % of app elapsed time consuming high
DRAM Bandwidth

= MCDRAM Bandwidth Bound

— % of app elapsed time consuming high
MCDRAM Bandwidth

» Bandwidth utilization histogram

(>) CPU Utilization *: 12.7% &
() Back-End Bound “: 87.8% &
¢ () FPU Utilization Upper Bound ": 1.4% &

INTEL VTUNE AMPLIFIER XE 201]

M HPC Performance Characterization HPC Performance Characterization viewpoint (change) @

Elapsed Time : 101.194s
GFLOPS Upper Bound : 24.612

>) CPU Utilization *: 12.7% &

~) Back-End Bound": 87.8% &

L2 Hit Bound : 0.042
L2 Miss Bound 0.071
MCDRAM Flat Bandwidth Bound : 0.0%
DRAM Bandwidth Bound : 23.4% 8

Bandwidth Utilization

Explore bandwidth utilization over time using the histogram and identify memory objects or functions with maximum contribution to the high bandwidth utilization.

Bandwidth Domain: | DRAM, GB/sec =

e of the wall time the bandwidth was utilized by certain value. Use sliders at the bottom of the histogram to define thresholds for Low,
Yo w to group data and see all functions executed during a particular

abilities, refer to your system specifications or run appropriate benchmarks to measure them; for ex
le DRAM and QP! bandwidth,

ample, Intel Memory Latency

Elapsed Time

o 20 40 60 80

Bandwidth Utilization




Performance aspects: FPU Utilization

Elapsed Time “: 101.194s

GFLOPS Upper Bound ”: 24.612

F P U uti | izati O n i (>) CPU Utilization": 12.7% &

() Back-End Bound *: 87.8% R

. o~ el (). () FPU Utilization Upper Bound *: 1.4% &
= % of FPU load (100% - FPU is fully loaded, threshold 50%) @ © Fpiﬁ‘s:'m':': : 13%:‘2110 N a
s per Cycle : ut of K
Vector Capacity Usage 48.3% %

Metrics in FPU utilization section 7 %t rea e s 9313
% of 128-bit 93.1% %
% of 256-bit ~: 0.0%

— SP FLOPs per Cycle (vector code ot S P osn %, 6%

FP Arith/Mem Rd Instr. Ratio : 0.264 %

generation and execution efficiency) P ke Wr . Raio: 6298

~) Top 5 hotspot loops (functions) by FPU usage
This section provides information for the most time consuming loops/functions with floating point operations.

- VeCtO r Ca p a City U Sa ge a n d F P Function CPU Time " FPU Utilization Vector Instruction Set Loop Type i
| nstru Ctio n IVI iX' F PArit h/M e m rati OS [Loop at line 575 in conj_grad_$omp$parallel@517]  126.149s 1.6% % SSE2(128) ® Body

[Loop at line 678 in conj_grad-$omp$parallel@517 5.004s 1.7% SSE2(128) Body
d 1 fﬁ 1 [Loop at line 575 in conj_grad_$omp$parallel@517 2.678s 2.1% [Unknown] ~ Remainder
(VeCtOr CO e generahon e Clency) [Loop at line 573 in conj_grad_$omp$parallel@517 0.995s 4.0% SSE2(128) Body

[Loop at line 661 in conj_grad-$omp$parallel@517] 0.952s 1.3%  SSE(128); SSE2(128) Body

— Top 5 loops/functions by FPU usage fother] 2.7 wine

*N/A s appliad to non-summable metrics.

— Dynamically generated issue descriptions on low FPU
usage help to define the reason and next steps:

Non-vectorized, vectorized with legacy instruction set, These renewed FPU Utilization
memory bound limited loops not benefiting from metrics will be available in 2017

vectorization etc.
Update 2




Performance aspects: FPU utilization on KNL

No FLOP counters on KNL to calculate FLOPS and FPU Utilization

Showing SIMD Instructions per cycle and SIMD Packed vs SIMD Scalar based on available
HW counters + Vector instruction set per loop based on static analysis

) SIMD Instructions per Cycle “: 0.038

*) FP Instruction Mix:
% of Packed SIMD Instr. ~: 100.0%

% of Scalar SIMD Instr. : 0.0% Asignificant fraction of SIMD instructions executed witﬁ(
partial vector load. A possible reason s compilation with
-} Top 5 hotspot loops (functions) by FPU usage legacy instruction set. Check the compiler options.

This section provides information for the most time consuming loops/functions with floating point operations. ::::;f;_"g::irn'feﬁjx; ggﬁrﬁtge"emb"
Function CPU Time SIMD Instructions per Cycle Vector Instruction Set A4 Loop Type
[Loop at line 211 in multiply3 $omp$parallel_for@207]  446.632s 0.049 AVX(256); FMA(256) & Body
native_irq_enable 36.123s 0.001 [Unknown]  [Unknown]
[Loop at line 208 in multiply3 $omp$parallel_for@207] 2.165s 0.025 AVX(256); FMA(256) Body
intel_pstate_timer_func 0.170s 0.057 [Unknown]  [Unknown]
init_arr 0.030s 1.257 AVX(128); AVX(256); AVX2(256); FMA(256)

These renewed FPU Utilization

metrics will be available in 2017
Update 2
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HPC Performance Characterization — Command Line Reporting

* Generated after collection is done or with “-R summary” option of amplxe-cl

* With issue descriptions that can be suppressed by “—report-knob show-issues=false” option

HMeru ound:
Boun
1 Boun
NUMAL: % of
FPU Utilization:

of
Arith

tr. R
nd Platform Info




Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR
OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO
LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS
INFORMATION INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software,
operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information
and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product
when combined with other products.

Copyright © 2015, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are
trademarks of Intel Corporation in the U.S. and other countries.

Optimization Notice

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors.
These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or
effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use
with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable

product User and Reference Guides for more information regarding the specific instruction sets covered by this notice.
Notice revision #20110804
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Code tuning requirements: know your code, know the compiler and know
the platform microarchitecture

» Core tuning:

= Cache or vector friendly or both:
o AVX-2 and AVX-512

o Use best compiler options and check compiler report

mpiifort —.g —O3 —xMIC-AV X512 —align array64byte ... —qopt-report=5 —qopt-report-
phase=loop, vec, openmp...

= Compilers directives and pragmas: SIMD, Alignment, ...
= OpenMP 4.0 with OMP SIMD directives/pragmas

= NUMA: MCDRAM Vs DDR - Allocate memory for active arrays or use NUMA
command to use MCDRAM for better performance




Knights Landing (KML) Overview TILE:

36 Tiles w/ 72 new Silvermont-
based cores

4 Threads per core
2 Vector Processing Units per core

6 channels of DDR4 2400 up to
384GB

8 to16 GB of on-package MCDRAM
memory

36 lanes PCIE Gen 3. 4 lanes of DMI

i@ . 45




3 Memory Modes

 Mode selected at boot time Cache Model
« MCDRAM-Cache covers all HBM 64B cache lines S

Direct mapped

16GB
MCDRAM DDR4

>

16GB 16GB
MCDRAM MCDRAM

Hybrid Model

8 or12GB -
Split Options: MCDRAM
25/75% Or 50/50%

Physical Address

Flat Models




Code tuning requirements: Parallel Scalability with MPI, OMP, Hybrid MPI+OMP

» Scalability:

OMP

Load balance over all threads

Private Vs shared data
Synchronization

Lock, wait and spinning Vs doing work
SIMD directives

o O O O

MPI

Timing cost due to communication Vs computing
Block Vs non-blocking message types

Global synchronizations

All-to-all communication

o O O O







